Summary: Visualization of whole-genomic variations in a meaningful manner assists researchers in gaining new insights into the underlying data, especially when it comes in the context of whole genome comparisons. CircosVCF is a web based visualization tool for genome-wide variant data described in VCF files, using circos plots. The user friendly interface of CircosVCF supports an interactive design of the circles in the plot, and the integration of additional information such as experimental data or annotations. The provided visualization capabilities give a broad overview of the genomic relationships between genomes, and allow identification of specific meaningful SNPs regions.
Introduction
VCF which stands for Variant Call Format is a standard format for encoding simple nucleotide polymorphism (SNP) and other structural variation data. A main challenge one is experiencing when analyzing VCF file is its enormous size. Hence, whole-genome graphical visualization of information stored in VCF files is not a straightforward task. One way to visualize genomic data is by circos plotting, which enable the exploration of various high-throughput genomic relationships in a simple circular layout. There are several available tools allowing the generation of circos visualizations, where the most popular is the command-line based CIRCOS software (Krzywinski et al., 2009) . Operating this tool however, may be challenging for users with no computing experience. Other alternatives to CIRCOS include Circoletto (Darzentas, 2010) and J-Circos , none of them support the VCF format, and several Rbased packages such as RCircos (Zhang et al., 2013) , OmicCircos (Hu et al., 2014) , Circlize (Gu et al., 2014) and ggbio (Yin et al., 2012) which require R language scripting skills, and hence are not the intuitive choice for biologists. Here we present CircosVCF, an interactive user-friendly web service which allows users to generate circos plots from VCF input files, in order to visualize SNPs information in whole genome datasets.
Implementation
The only required file by CircosVCF is the input VCF file. All configurations are set on the user interface. Once a user chooses the desired organism and genome build, its karyotype is automatically fetched from the UCSC genome browser. Nevertheless, an option to upload karyotype information file for non-modeled organisms is available. Following the uploading of the data file, it is first processed on the client computer; the relevant information is fetched and sent for processing in a remote server. The final Circos plot is generated using the CIRCOS software (Krzywinski et al., 2009 Two options are available for presenting SNP information; the first is to draw a line in each SNP location, and the other is the calculation of SNP amount present within a defined genomic length, were darker color on the circos plot represents denser regions. In the first option, a line representing a single SNP can be colored based on its genotype, according to its homozygosity to the reference allele, homozygosity to the alternative or heterozygosity. This representation option is recommended when plotting relatively small number of SNPs, or variations in a single chromosome. When whole genome visualization is required, the second option is recommended, where each line represents the density of SNPs found within a defined genomic length. For annotation purposes, the user can choose to plot the names of annotated genes next to their genomic locations. Gene annotations are automatically fetched from the UCSC genome browser, or uploaded by the user in case of nonmodel organisms.
The strength of CircosVCF is in its ability to present in an intuitive graphical manner a comparison of variation distribution between multiple genomes. For instance, if one desires to compare the variations found within four different samples (a-d), it has the possibility to plot a subset of SNPs that would fulfill a specific set of conditions. For example the following conditional statement ðða ¼ bÞ OR ðc ¼ dÞÞ AND ða ! ¼ dÞ
( 1) will result in plotting all SNPs where the genotypes of sample a are equal to sample b, or the genotypes of sample c are equal to sample d, as long as the genotypes of sample a are different from d. In order for the user to define the desired condition without the need of generating complex conditional statements, we developed a GUI system based on tree objects to assist with this task. (see the tool's documentation for more details). The example conditional statement shown above is presented by the tree introduced in the sup plementary data (Supplementary Fig. S1 ).
The tool allows an interactive design of the circles in the plot, and supports both separated VCF as well as multi-VCF files.
Results
A sample CircosVCF output is presented in Figure 1a . The input file for generating the plot is a multi-VCF file containing whole genome SNP information on 9 Vitis vinifera genomes, 6 of Israeli domesticated Sativa cultivars, and 3 of the wild subspecies Sylvestris, collected in our previous study (Drori et al., 2015) . The input file processed by CircosVCF was 6 gb in size. The plot presents 14.5M SNP locations across the 9 Vitis vinifera varieties. The outermost circle represents chromosome 1 of the Pinot-noir reference genome. The inner first two tracks represent SNPs distribution across Sativa and Sylvestris genomes respectively, were each line's color intensity represents the density of SNPs found within a 10 Kb region. The inner-most two tracks describe all Sativa and Sylvestris SNPs respectively that fulfill the following condition:
This condition is described in CircosVCF by the tree presented in Figure 1b . Each line is colored according to the SNP's genotype, where yellow stands for homozygosity to the reference genome, red for homozygosity to the alternative, and blue heterozygosity. Strongly differentiating regions can be detected at a glimpse of the generated circos plot between the Sativa and Sylvestris groups.
Conclusion and outlook
Generating circos visualization of whole genome variation information stored in enormous VCF files is a challenging task, which requires computational skills. CircosVCF simplifies this task by providing user friendly graphical interface designed to give maximal flexibility to the user. CircosVCF provides a birds-eye view of the genomic relatedness of individuals based on whole genome SNP information, but also enables the detection of specific meaningful SNPs regions, as well as their host genes which later on can be further analyzed using various tools.
